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METHOD FOR EVALUATING LITHOGRAPHY PROCESS MARGINS 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is based upon and claims the benefit 
5 of priority from prior Japanese Patent Applications No. 

P2002-289210, filed on October 1, 2002; the entire contents 
of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
10 1. Field of the Invention 

The present invention relates to lithographic 
technology of a method for fabricating a semiconductor 
device. In particular, the present invention relates to a 
method for evaluating a process margin of lithography. 

15 

2 . Description of the Related Art 

In order to evaluate a process margin of a 
lithographic process, it is necessary to obtain a highly 
accurate measurement of the dimensional dependency of a 

20 resist pattern on a light exposure and a focus position. 
With increasing fineness of a circuit pattern of a 
semiconductor device and increasing fineness of a resist 
pattern, the edge roughness of a resist and an error by a 
dimension measuring device are no longer negligible. If 

25 the dimension of the resist pattern cannot be measured with 
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high accuracy, that is, if there are variations in 
dimension of the resist pattern, a process margin may not 
be accurately evaluated. 

A light exposure and focus position have been 
5 assigned irrespective of the dimensional variations of the 
resist, followed by exposure. Thereafter, dimensions of 
the resist have been measured, and then, the process margin 
has been calculated. There have been few means for 
evaluating the reproducibility or error of the calculated 
10 process margin. Therefore, there has been an apprehension 
of overestimating or underestimating the process margin. 

SUMMARY OF THE INVENTION 

An aspect of the present invention inheres in a 

15 computer- implemented method for evaluating a process margin 
according to embodiments of the present invention including 
setting a plurality of setting values of a light exposure 
and a plurality of setting values of a focus position in an 
exposure process for forming a pattern on a substrate to be 

20 exposed to light, calculating a plurality of pseudo 

measured dimensions of the pattern with respect to each of 
the combinations of the setting values of the light 
exposure and the setting values of the focus position, 
calculating a plurality of ED- trees and calculating a 

25 plurality of margin curves based on the pseudo measured 



dimensions with respect to each of the combinations, and 
calculating a dispersion of a tolerance of the light 
exposure of the margin curves at a depth of focus 
corresponding to a maximum difference In height of the 
5 substrate. 

Another aspect of the present Invention Inheres In a 
computer- Implemented method for setting up a measurement 
condition of a process margin according to embodiments of 
the present Invention Including setting a plurality of 

10 setting values of a light exposure at equal first Intervals 
and setting a plurality of setting values of a focus 
position at equal second Intervals In an exposure process 
for forming a pattern on a substrate to be exposed to light , 
calculating a plurality of pseudo measured dimensions of 

15 the pattern with respect to each of the combinations of the 
setting values of the light exposure and the setting values 
of the focus position, calculating a plurality of ED- trees 
and calculating a plurality of margin curves based on the 
pseudo measured dimensions with respect to each of the 

20 combinations, calculating a dispersion of a tolerance of 

the light exposure of the margin curves at a depth of focus 
corresponding to a maximum difference In height of the 
substrate, and reducing the first Interval or the second 
Interval so as to reduce the dispersion of the tolerance of 

25 the light exposure while Increasing the first Interval or 



the second Interval so as to Increase the dispersion of the 
tolerance of the light exposure. 

Still another aspect of the present invention inheres 
In a computer progreun product to be executed by a computer 
5 for evaluating a process margin according to embodiments of 
the present invention Including instructions configured to 
set a plurality of setting values of a light exposure and a 
plurality of setting values of a focus position in an 
exposure process for forming a pattern on a substrate to be 

10 exposed to light, instructions configured to calculate a 

plurality of pseudo measured dimensions of the pattern with 
respect to each of the combinations of the setting values 
of the light exposure and the setting values of the focus 
position, instructions configured to calculate a plurality 

15 of ED -trees and configured to calculate a plurality of 

margin curves based on the pseudo measured dimensions with 
respect to each of the combinations, and instructions 
configured to calculate the dispersion of the tolerance of 
the light exposure of the margin curves at a depth of focus 

20 corresponding to a maximum difference in height of the 
substrate. 

Still another aspect of the present invention inheres 
in a computer progreun product to be executed by a computer 
for setting up a measurement condition of a process margin 
25 according to embodiments of the present invention including 
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instructions configured to set a plurality of setting 
values of a light exposure at equal first intervals and 
setting a plurality of setting values of a focus position 
at equal second intervals in an exposure process for 
5 forming a pattern on a substrate to be exposed to light, 
instructions configured to calculate a plurality of pseudo 
measured dimensions of the pattern with respect to each of 
the combinations of the setting values of the light 
exposure and the setting values of the focus position, 

10 instructions configured to calculate a plurality of ED- 

trees and calculating a plurality of margin curves based on 
the pseudo measured dimensions with respect to each of the 
combinations, instructions configured to calculate a 
dispersion of a tolerance of the light exposure of the 

15 margin curves at a depth of focus corresponding to a 
maximum difference in height of the substrate, and 
instructions configured to reduce the first interval or the 
second interval so as to reduce the dispersion of the 
tolerance of the light exposure while configured to 

20 increase the first interval or the second interval so as to 
increase the dispersion of the tolerance of the light 
exposure . 



BRIEF DESCRIPTION OF THE DRAWINGS 
25 Fig. 1 is a diagram illustrating the configuration of 
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an apparatus for setting up a measurement condition In 
consideration of a process margin In a first embodiment 
according to the present Invention; 

Fig. 2 Is a flowchart Illustrating a method for 
5 evaluating the process margin In the first embodiment 
according to the present Invention; 

Fig. 3 Is a flowchart Illustrating a method for 
setting up the measurement condition In consideration of 
the process margin In the first embodiment according to the 
10 present Invention; 

Figs. 4A and 4B are graphs Illustrating the step of 
adding random numbers generated In the dimension of a 
resist calculated In the method for evaluating the process 
margin In the first embodiment according to the present 
15 Invention, wherein Fig. 4 A Is a graph Illustrating the 
dependency of the dimension of the resist on a light 
exposure and a focus position before the random numbers are 
added and Fig. 4B Is a graph Illustrating the dependency of 
the dimension of the resist on the light exposure and the 
20 focus position after the random numbers are added; 

Fig. 5 Is a graph Illustrating an ED -tree In the 
method for evaluating the process margin In the first 
embodiment according to the present Invention; 

Fig. 6 Is a graph Illustrating a margin curve 
25 representing the relationship between the tolerances of a 



depth of focus and the light exposure in the method for 
evaluating the process margin in the first embodiment 
according to the present invention; 

Fig. 7 is a graph illustrating variations in margin 
curve in the method for evaluating the process margin in 
the first embodiment according to the present invention; 

Fig. 8 is a graph illustrating the method for setting 
up the measurement condition in consideration of the 
process margin in the first embodiment according to the 
present invention ; 

Fig. 9 is a flowchart illustrating a method for 
evaluating a process margin in a second embodiment 
according to the present invention; 

Fig. 10 a graph illustrating the step of adding 
random numbers generated in the dimension of a resist 
calculated in the method for evaluating the process margin 
in the second embodiment according to the present 
invention; and 

Fig. 11 is a graph illustrating variations in margin 
curve in the method for evaluating the process margin in 
the second embodiment according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Various embodiments of the present invention will be 
described with reference to the accompanying drawings. It 



is to be noted that the same or similar reference numerals 
are applied to the same or similar parts and elements 
throughout the drawings, and the description of the same or 
similar parts and elements will be omitted or simplified. 

5 

(First Embodiment) 

An apparatus 1 for setting up a measurement condition 
capable of evaluating and measuring a process having a 
process margin in a first embodiment according to the 

10 present invention encompasses an apparatus 2 for evaluating 
a process margin, a desired reproducibility setting unit 12, 
a measurement increment changing unit 13 and an 
input/output unit 14, as illustrated in Fig. 1. 

The apparatus 2 for evaluating a process margin in 

15 the first embodiment according to the present invention 

embraces a setter 3 for setting a measurement increment or 
the like, a definer 4 for defining a random number 
generation distribution, a resist dimension calculator 5, a 
random number generator 6, a random number adder 7, an ED- 

20 tree calculator 8, a margin curve calculator 9, a 

reproducibility calculator 10 and an input/output 11. 

The setter 3 for setting a measurement increment or 
the like sets a plurality of setting values of a light 
exposure by increments at equal first intervals in an 

25 exposure process for forming a circuit pattern on a 
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semiconductor substrate with a resist in a semiconductor 
device. Further, the setter 3 sets a plurality of setting 
values of a focus position by increments at equal second 
intervals . 

5 The definer 4 for defining a random number generation 

distribution defines random numbers which are generated in 
the distribution in the same level of dispersion when the 
measured dimension of a resist pattern is varied and 
dispersed. 

10 The resist dimension calculator 5 calculates the 

calculated dimension of the resist pattern by receiving the 
setting values of the light exposure and the setting values 
of the focus position. 

The random number generator 6 generates the random 

15 numbers defined by the definer 4 for defining the random 
number generation distribution. 

The random number adder 7 adds the random numbers to 
the calculated dimension, so as to generate a pseudo 
measured dimension. 

20 The ED -tree calculator 8 calculates an ED -tree based 

on the setting values of the light exposure, the setting 
values of the focus position and the pseudo measured 
dimension. The ED- tree is provided on an x-y plane, on 
which the x axis represents the natural logarithm of the 

25 light exposure while the y axis represents the focus 



position. The ED- tree has an upper limit curve, on which 
the pseudo measured dimension accords with an upper limit 
of an allowable dimension of a pattern, on the plane 
consisting of the natural logarithm of the light exposure 
5 and the focus position. Furthermore, the ED- tree has a 
lower limit curve, on which the pseudo measured dimension 
accords with a lower limit of the allowable dimension of 
the resist pattern, on the plane consisting of the natural 
logarithm of the light exposure and the focus position. 

10 The ED- tree may have a target curve, on which the pseudo 
measured dimension accords with a target dimension of the 
resist pattern, on the x-y plane consisting of the natural 
logarithm of the light exposure and the focus position. 
The margin curve calculator 9 calculates a margin 

15 curve based on the ED -tree. A rectangle is defined between 
the upper limit curve and the lower limit curve of the ED- 
tree, which inscribes the upper limit curve and the lower 
limit curve, and has an exposure side parallel to the x 
axis representing the natural logarithm of the light 

20 exposure and a focus side parallel to the y eixis 

representing the focus position. The length of the 
exposure side expresses the tolerance of the light exposure. 
In contrast, the length of the focus side expresses the 
depth of focus. The margin curve is drawn on the x-y plane, 

25 in which the x axis represents the tolerance of the light 



exposure while the y axis represents the depth of focus. 
The margin curve Is a curve based on the exposure side and 
the focus side, which constitutes the rectangle, on the x-y 
plane • 

5 The reproducibility calculator 10 calculates the 

dispersion of the tolerance of the light exposure of each 
of the plurality of margin curves at the depth of focus 
corresponding to a maximum difference In height of the 
semiconductor substrate. When the dispersion of the 

10 tolerance of the light exposure Is large, the variation of 
the tolerance of the light exposure Is large. As a result. 
It Is determined that the reproducibility of the tolerance 
of the light exposure Is low. 

The Input /output 11 receives the setting value of the 

15 light exposure, the setting value of the focus position and 
the dispersion of the random numbers, and outputs the 
dispersion of the tolerance of the light exposure. 

The desired reproducibility setting unit 12 sets the 
dispersion of the tolerance of the light exposure. In which 

20 the process having the process margin can be evaluated and 
measured. 

The measurement Increment changing unit 13 changes 
the first Intervals of the plurality of setting values of 
the light exposure and the second Intervals of the 
25 plurality of setting values of the focus position. 



The input/output unit 14 receives the desired 
dispersion of the tolerance of the light exposure, and 
outputs the optimized first and second intervals. 

The apparatus 1 for setting up the measurement 
5 condition can be implemented by a computer for executing a 
program for setting up the measurement condition. Moreover, 
the apparatus 2 for evaluating the process margin can be 
implemented by a computer for executing a program for 
evaluating the process margin. 

10 

(Method for Evaluating Process Margin) 

A first method for evaluating a process margin in the 
first embodiment according to the present invention is 
carried out by the apparatus 2 for evaluating the process 

15 margin illustrated in Fig. 1. In the first method for 
evaluating a process margin, first, the setter 3 for 
setting the measurement increment sets a plurality of 
setting values Ej (where j is 1 to n) of the light exposure 
and a plurality of setting values Fi (where i is 1 to m) of 

20 the focus position in an exposure process for forming the 
pattern on the substrate to be exposed to light in step SI, 
as illustrated in Fig. 2. Furthermore, the setter 3 for 
setting the measurement increment sets a plurality of 
desired margin curves. Moreover, in step SI, the definer 4 

25 for defining the random number generation distribution sets 
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the dispersion of the generation distribution of 
dimensional random numbers Rlj In such a manner as to be 
equal to the dispersion of the distribution of the measured 
dimension of the pattern. Each of numbers 1 and j Is set 
5 to an Initial value 1 In step S2. 

In step S3, the resist dimension calculator 5 
calculates a pattern calculated dimension CDll with respect 
to a combination (1, 1) of the setting value El of the 
light exposure and the setting value Fl of the focus 

10 position. The calculated dimension CDll gives a so-called 
pseudo real value of the pattern dimension. Here, an 
actual measurement value may be used In place of the 
calculated dimension CDll. 

In step S4, the random number generator 6 generates a 

15 dimensional random number Rll with respect to the 

combination (1, 1). The dimensional random number Rll 
gives a pseudo measurement error of a pattern dimension 
with respect to the pseudo real value. 

In step S5, the random number adder 7 calculates a 

20 pseudo measured dimension CDrll by adding the dimensional 
random number Rll to the calculated dimension CDll with 
respect to the combination (1, 1). 

In step S6, It Is deteinnlned whether or not the 
pseudo measured dimensions CDrlJ are calculated with 

25 respect to all of the combinations (1, j). Unless the 



pseudo measured dimensions CDrlj are calculated with 
respect to all of the combinations (1, j), the control 
routine proceeds to step S7 . In step S7 , the number 1 or j 
Is added to 1, and then, the control routine returns to 
5 step S3. In contrast, if the pseudo measured dimensions 
CDrlj are calculated with respect to all of the 
combinations (1, j), the control routine proceeds to step 
S8. In step S8, the ED- tree calculator 8 calculates a set 
of ED- trees based on the setting values Fl of the focus 

10 position, the setting values Ej of the light exposure and 
the pseudo measured dimensions CDrlj with respect to all of 
the combinations (1, 3). 

In step S9, the margin curve calculator 9 calculates 
one margin curve based on one set of ED-trees. 

15 In step SlO, It Is determined whether or not the 

number of margin curves corresponds to a desired value. 
Unless the number of margin curves corresponds to the 
desired value, the control routine returns to step S2. In 
contrast. If the number of margin curves corresponds to the 

20 desired value, the control routine proceeds to step Sll. 

In step Sll, the reproducibility calculator 10 
calculates the dispersion based on the distribution of the 
tolerance of the light exposure of the desired number of 
margin curves at a depth of focus DOF corresponding to the 

25 meixlmum difference In height of the substrate to be exposed 



to the light. Otherwise, the reproducibility calculator 10 
calculates the dispersion based on the distribution of the 
depth of focus DOF of the desired number of margin curves 
in the tolerance of the light exposure corresponding to a 
5 maximum fluctuation of the light exposure of an exposure 
device. The smaller the dispersion, the higher the 
reproducibility . 

All of the steps in the method for evaluating the 
process margin are stored in an internal memory or an 
10 external memory in a computer as procedures which can be 
executed by the computer. The program for evaluating the 
process margin includes such procedures. In the method for 
evaluating the process margin in the first embodiment, an 
error of the process margin can be evaluated. 

15 

(Method for Setting Up Measurement Condition) 

A method for setting up a measurement condition in 
the first embodiment according to the present invention is 
carried out by the apparatus 1 for setting up the 

20 measurement condition. As illustrated in Fig. 3, in the 
method for setting up the measurement condition, the 
desired reproducibility setting unit 12 first sets the 
plurality of setting values Ej (J is 1 to n) of the light 
exposure and the plurality of setting values Fi (i is 1 to 

25 m) of the focus position in the exposure process for 

15 



forming the pattern on the substrate to be exposed to the 
light in step 21. Furthermore, the desired reproducibility 
setting unit 12 sets the desired reproducibility of the 
tolerance of the light exposure or the desired 
5 reproducibility of the depth of focus. Specifically, the 
desired reproducibility setting unit 12 sets the dispersion 
of the distribution of the tolerance of the light exposure 
of the desired number of margin curves at the depth of 
focus DOF corresponding to the maximum difference in height 

10 of the substrate to be exposed to the light. Otherwise, 
the desired reproducibility setting unit 12 sets the 
dispersion of the distribution of the depth of focus DOF of 
the desired number of margin curves in the tolerance of the 
light exposure corresponding to the maximum fluctuation of 

15 the light exposure of the exposure device. 

Next, in step S22, the apparatus 2 for evaluating the 
process margin performs the first method for evaluating the 
process margin. The apparatus 2 for evaluating the process 
margin calculates the reproducibility of the tolerance of 

20 the light exposure or the reproducibility of the depth of 
focus . 

In step S23, the relationship of the magnitude 
between the calculated reproducibility and the desired 
reproducibility is determined. Specifically, the 
25 relationship of the magnitude between the calculated 



dispersion and the desired dispersion Is determined. In 
the case where the calculated reproducibility Is less than 
the desired reproducibility (that Is, the calculated 
dispersion Is greater than the desired dispersion), the 
5 control routine proceeds to step S24, and the measurement 
Increment Is reduced. In contrast. In the case where the 
calculated reproducibility Is greater than the desired 
reproducibility (that Is, the calculated dispersion Is less 
than the desired dispersion), the control routine proceeds 

10 to step S26, and the measurement Increment Is Increased. 
Furthermore, In the case where the calculated 
reproducibility Is equal to the desired reproducibility 
(that Is, the calculated dispersion Is equal to the desired 
dispersion), the control routine proceeds to step S25, and 

15 the measurement Increment for use In the calculation Is 
output. The output measurement Increment Is used as the 
measurement Increment at the time of actual measurement, 
thereby determining a sampling plan with the light exposure 
and the focus position which are assigned In such a manner 

20 as to set the error of the evaluated process margin to an 
allowable value or less. The number of samples In the 
sampling plan can be minimized by setting the error of the 
process margin to the allowable value or less. 

Here, In order to clarify the relationship of 

25 magnitude of the measurement Increment, It Is desirable 
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that the plurality of setting values Ej of the light 
exposure or the logarithm of the light exposure should be 
set at constant intervals, and that the plurality of 
setting values Fi of the focus position should be set at 
5 given intervals. 

All of the steps in the method for setting up the 
measurement condition are stored in the internal memory or 
the external memory in the computer as procedures which can 
be executed by the computer* The program for setting up 
10 the measurement condition includes such procedures. 

(Example of First Embodiment: Evaluation of Process Margin) 
The first method for evaluating the process margin in 
the first embodiment according to the present invention 

15 first sets, in step SI in Fig. 2, a plurality of setting 
values of the light exposure from 5.25 mJ/cm^ to 7.25 
mJ/cm^ at an interval of 0.25 mJ/cm^ and a plurality of 
setting values of the focus position from -0.4 |im to 0.4 \m 
at an interval of 0.2 |xm, as illustrated in Fig. 4A. The 

20 increment interval of the measurement values of the light 
exposure is 4% in reference to a proper light exposure. 
Furthermore, the desired number of margin curves is set to 

ten. Moreover, the dispersion a (which is set to 2 nm) of 
the generation distribution of the dimensional random 
25 numbers Rij and an average value of 0 are set. Here, the 



dispersion a Is assmned to be a dispersion which can vary 
an apparent resist dimension such as the edge roughness of 
the resist or the reproducibility In the dimensional 
measurement. As the distribution function of the 
5 generation distribution of the dimensional random numbers 
Rlj can be used as a distribution function of an arbitrary 
shape. For example, a binominal distribution function, a 
step function, a triangular distribution function, a 
trapezoidal distribution function and the like can be used. 

10 The numbers 1 and j are assigned to the setting values In 
Increasing order. In step S2, each of the numbers 1 and j 
are set to the Initial value 1 . 

In step S3, 86 nm Is calculated as the resist 
dimension CDll of the pattern with respect to the 

15 combination (1, 1) In which the setting value of the light 
exposure Is 5.25 mJ/cm^ and the setting value of the focus 
position Is -0.4 fxm. Under calculated exposure conditions, 
an exposure wavelength X Is 193 nm, the number of apertures 
NA Is 0.6 and an Illumination coherence a Is 0.3. A 

20 Levenson type phase shift mask Is used. The dimension of 
the mask Is 70 nm, and the target of the resist Is 70 nm. 
In step S4, as a dimensional random number Rll of 2 nm Is 
generated with respect to the combination ( 1 , 1 ) . 

In step S5, as the dimensional random number Rll of 2 

25 nm Is added to 86 nm of the resist dimension CDll with 



respect to the combination (1, 1). As illustrated in Fig. 
4B, 88 nm of the pseudo measurement value CDrll is obtained 
as a sum. 

In step S6, it is determined whether or not the 
5 pseudo measurement values CDrij are calculated with respect 
to all of the combinations (i, j). Since the pseudo 
measurement values CDriJ are not calculated with respect to 
all of the combinations (i, j), the control routine 
proceeds to step S7. In step SI, 1 is added to the number 
10 i, and the control routine returns to step S3. 

In the same manner. Fig. 4A illustrates the resist 
dimension CDiJ in the case where the pseudo measurement 
values CDriJ are calculated with respect to all of the 
combinations (i, j). Fig. 4B illustrates the pseudo 
15 measurement values CDriJ . 

In step S8, the ED- tree calculator 8 calculates one 
set of ED- trees by the use of the setting values Fi of the 
focus position, the setting values EJ of the light exposure 
and the pseudo measurement values CDriJ of all of the 
20 combinations (i, J). The pseudo measurement values CDriJ 
are smoothed by a regression analysis. 

The light exposure is calculated by the smoothing 
operation such that the pseudo measured dimensions CDr at 
the setting values of the focus position become 90%, 100% 
25 and 110% with respect to the resist target dimension. 



respectively^ as Illustrated in Fig. 5. In this manner, 
the ED-trees Indicated by solid lines, as illustrated in 
Fig. 5, can be obtained. Here, the ED- trees indicated by 
dotted lines are adapted for the calculated resist 
5 dimensions CD that are not added with the dimensional 
random numbers R. Fig. 5 illustrates that the curves of 
the ED -trees indicated by the solid and dotted lines do not 
completely overlap each other. The tolerance of the resist 

dimension is set to ±7 nm, and therefore, a ratio of a 
10 difference of the resist dimension from the target 

dimension to the target dimension is set to ±10%. 

In step S9 , the margin curve calculator 9 calculates 
the margin curve based on the ED -tree of the pseudo 
measured dimensions CDr indicated by the solid line in Fig. 

15 5. As illustrated in Fig. 6, windows Ml to M3 of the 
process margin are set based on the ED-tree of the 
tolerance of the resist dimension. Ratios of differences 
in logarithm of the light exposure corresponding to the 
lateral widths of the windows Ml to M3 to the logarithms of 

20 the light exposure represented by the left sides of the 

windows Ml to M3 are referred to as tolerances ELI to ELS 
of the light exposure, respectively. Differences in focus 
position corresponding to the vertical widths of the 
windows Ml to MS are referred to as depths of focus DOFl to 

25 DOFS, respectively. A margin curve 21 illustrated in Fig. 



7 represents the relationship between the tolerances ELI to 
EL3 of the light exposure and the depths of focus DOFl to 
DOF3 (I.e., so-called focus tolerances). A margin curve 
Indicated by a dotted line In Fig. 7 Is a margin curve 
5 based on the ED- tree Indicated by the dotted line in Fig. 5. 
It is determined that the margin curve 21 indicated by the 
solid line deviates from the margin curve Indicated by the 
dotted line. 

In step SIO, it is determined whether or not the 
10 desired number of margin curves corresponds to ten. Since 
the result is negative, the control routine returns to step 
S2. This loop is repeated until the desired number of 
margin curves corresponds to ten. Finally, ten margin 
curves 21 to 30 as illustrated in Fig. 7 are obtained. 
15 In step Sll, the dispersion is calculated based on 

the distribution of the tolerance of the light exposure of 

the ten margin curves at a depth of focus of 0.3 ^m 
corresponding to the maximum difference in height of the 
substrate to be exposed to the light. The tolerance EL of 

20 the light exposure of the margin curve Indicated by the 

dotted line at the depth of focus of 0.3 jim is 19.7%. An 
average of the tolerances EL of the light exposures of the 
margin curves 21 to 30 indicated by the solid lines at the 
depth of focus of 0.3 (im is 19.5%. A dispersion 3o^ that 

25 triples the dispersion of the distribution of the 



tolerances EL of the light exposures of the margin curves 
21 to 30 Indicated by the solid lines at a depth of focus 

of 0.3 \m Is 4.8%. 

The width of the range. In which the margin curves 21 
5 to 30 are distributed, provides the reproducibility or an 
error of the lithography process margin. In order to 
Increase the reproducibility of the lithography process 
margin, the width of the range, in which the margin curves 
21 to 30 are distributed, is narrowed. The width of the 

10 narrowed range is represented by the small dispersion 3a^. 
In this manner, it is possible to estimate the 
reproducibility of the process margin. 



(Setting of Measurement Condition) 
15 In the method for setting up the measurement 

condition in the first embodiment according to the present 

invention, 3.0% is first set as the desired dispersion 3<y^ 
of the distribution of the tolerances of the light 
exposures of the ten margin curves at the depth of focus of 

20 0.3 m in step S21 illustrated in Fig. 3. The setting 

value of the light exposure and the setting value of the 
focus position are set in the same manner as in Fig. 4A in 
step SI illustrated in Fig. 2. 

Next, in step S22, the first process margin 

25 evaluating method is carried out. An output of 4.8% is 



provided as the dispersion 3a^ triple the dispersion of 
the distribution of the tolerances EL of the light 
exposures of the margin curves 21 to 30 at the depth of 
focus of 0.3 ^m. In other words, as illustrated in Fig. 8, 
5 4% is an interval of an increment of the setting value of 
the light exposure in reference to the proper light 
exposure which corresponds to 5.25 mJ/cm^ to 7.25 mJ/cm^ at 
an interval of 0.25 mJ/cm^ of the setting value of the 
light exposure, and the dispersion 3aEL is 4.8% at a point 

10 A of 200 nm as an interval of an increment of the plurality 
of setting values of the focus position. 

In the same manner, when the dispersion of the 

tolerance of the light exposure is obtained by varying the 
interval AE of the increment of the setting value of the 

15 light exposure and the interval AF of the increment of the 
setting value of the focus position, contour lines of the 

dispersion 3<j^ of the tolerance of the light exposure as 
illustrated in Fig. 8 are obtained. Thus, in order to 

reduce the calculated dispersion 3o^, it is sufficient 
20 that the interval AE of the increment of the setting value 
of the light exposure or the interval AF of the increment 
of the setting value of the focus position is reduced. In 
contrast, in order to increase the calculated dispersion 
3a^, it is sufficient that the interval AE of the 
25 increment of the setting value of the light exposure or the 



interval AF of the increment of the setting value of the 
focus position is increased. 

In step S23, it is determined which of 4.8% as the 

calculated dispersion 30^^ and 3.0% as the desired 
5 dispersion is greater. Since the calculated dispersion is 
greater than the desired dispersion, the control routine 
proceeds to step S24. As indicated at a point B in Fig. 8, 

the interval AF of the increment of the setting value of 
the focus position is reduced to 75 nm. At the point 

10 the dispersion becomes 3.0%. Since the calculated 

reproducibility is identical to the desired reproducibility, 
the control routine proceeds to step S25. Thereafter, 4% 
of the interval E of the increment of the setting value of 

the light exposure and 75 nm of the interval AF of the 
15 increment of the setting value of the focus position for 
use in the calculation are output. Otherwise, in the case 

where the dispersion 3a^j^ is to be suppressed to, for 
example, 3% or less, the interval E of the increment of 

the setting value of the light exposure and the interval AF 
20 of the increment of the setting value of the focus position 
may be 3% and 100 nm, respectively. These output 
measurement increments are used as measurement increments 
at the time of actual measurement, thereby determining a 
sampling plan with the light exposure and the focus 
25 position which are assigned in such a manner as to achieve 



the error of the evaluated process margin at an allowable 
value or less. The setting values of the light exposure 
and the focus position as the process conditions determined 
by the sampling plan can be provided with the process 
5 margin with compensable accuracy. 

(Second Embodiment) 

A second method for evaluating a process margin in a 
second embodiment according to the present Invention is 

10 carried out by the apparatus 2 for evaluating the process 
margin illustrated in Fig. 1. In the second method for 
evaluating a process margin, the setter 3 for setting the 
measurement increment first sets the plurality of setting 
values Ej (where j is 1 to n) of the light exposure and the 

15 plurality of setting values Fi (where 1 is 1 to m) of the 
focus position in the exposure process for forming the 
pattern on the substrate to be exposed to the light in step 
S13, as Illustrated in Fig. 9. Furthermore, the setter 3 
for setting the measurement Increment sets a plurality of 

20 desired margin curves. Moreover, in step S13, the definer 
4 for defining the random number generation distribution 
sets the dispersion of the generation distribution of light 
exposure random numbers Reij in such a manner as to be 
equal to the dispersion of the distribution of an effective 

25 value of the light exposure in the exposure device, and 

26 



sets the dispersion of the generation distribution of 
position random numbers Rf IJ In such a manner as to be 
equal to the dispersion of the distribution of an effective 
value of the focus position In the exposure device. Each 
5 of numbers 1 and 3 Is set to an Initial value 1 In step S2. 

In step S14, the random number generator 6 generates 
a position random number Rfll with respect to the 
combination (1, 1). In step S15, the random number adder 7 
calculates a pseudo focus position Frll by adding the 

10 position random number Rfll to a setting value Fl of the 
focus position with respect to the combination (1, 1). 

In step S16, the random number generator 6 generates 
a light exposure random number Rell with respect to the 
combination (1, 1). In step S17, the random number adder 7 

15 calculates a pseudo light exposure Erll by adding the light 
exposure random number Rell to a setting value El of the 
light exposure with respect to the combination (1, 1). 

In step S18, the resist dimension calculator 5 
calculates a pseudo measurement value CDrll with respect to 

20 the combination (1, 1) of the pseudo light exposure Erll 
and the pseudo focus position Frll. 

Next, the control routine proceeds to step S6. The 
method for evaluating the process margin In the second 
embodiment hereinafter Is the same as that In the first 

2 5 embodiment . 



In the method for evaluating the process margin In 
the second embodiment, an error of a process margin can be 
evaluated. In the methods for evaluating the process 
margin In the first and second embodiments « It Is possible 
5 to evaluate the error of the process margin with higher 

accuracy by calculating the pseudo measurement values CDrlJ 
together. 

(Example of Second Embodiment) 

10 The second method for evaluating the process margin 

In the second embodiment according to the present Invention 
first sets. In step S13 In Fig. 9, a plurality of setting 
values of the light exposure from 0.8 mJ/cm^ to 1.15 mJ/cm^ 
at an Interval of 0.05 mJ/cm^ and a plurality of setting 

15 values of the focus position from -0.4 ^m to 0.3 fxm at an 
Interval of 0.1 |im, as Illustrated In Fig. 10. The 
Increment Interval of the measurement values of the light 
exposure Is 5% In reference to a proper light exposure. 
Furthermore, the desired number of margin curves Is set to 

20 32. Moreover, the dispersion ae of the light exposure 

random numbers and the dispersion af of the position random 
numbers are set to 1% and 100 nm, respectively. An average 
of the light exposure random numbers Is set to zero. 
Furthermore, an average of the position random numbers Is 

25 set to zero. Each of numbers 1 and j Is set to an Initial 



value 1 in step S2 . 

In step S14, the position random number Rfll Is 
generated with respect to the combination (1, 1). In step 
S15, the pseudo focus position Frll obtained by adding the 
5 position random number Rfll to the setting value Fl of the 
focus position Is calculated with respect to the 
combination (1, 1). In step S16, the light exposure random 
number Rell is generated with respect to the combination (1, 
1). In step S17, the pseudo light exposure Erll obtained 

10 by adding the light exposure random number Rell to the 

setting value El of the light exposure is calculated with 
respect to the combination (1, 1). In step S18, the pseudo 
measurement value CDrll is calculated with respect to the 
combination (1, 1) of the pseudo light exposure Erll and 

15 the pseudo focus position Frll. The pseudo measurement 

value CDrll of the pattern with respect to the combination 
(1, 1) is calculated to be 0.087 nm, in which the setting 
value of the light exposure is 0.8 mJ/cm^ and the setting 

value of the focus position is -0.4 jam. Under the exposure 
20 conditions for use in the calculation, an exposure 

wavelength X is 248 nm, the number of apertures NA is 0.68, 
an illumination coherence a is 0.-75 and a zone shield 
factor is 2/3. A mask is a halftone type phase shift 
mask having a transmittance of 6%. The dimension of the 
25 mask is 130 nm. 
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As illustrated in Fig. 10, the average of the pseudo 
measurement values CDrll may be set to zero, and the 
dispersion aCD may be added with a dimensional random 
number of 2 nm. Here, the dispersion aCD is assumed to be 
5 a dispersion which can vary an apparent resist dimension 
such as the edge roughness of the resist or the 
reproducibility in the dimensional measurement. 

Next, the control routine proceeds to step S6. The 
method for evaluating the process margin in the second 
10 embodiment hereinafter is the same as that in the first 
embodiment. A regression analysis is performed, so as to 
smooth data. The light exposure is calculated in such a 
manner that the pseudo measurement value CDrll at each of 
the focus positions ranges within a tolerance of a 

15 dimension of ±13 nm with respect to a target dimension of 
130 nm, thereby obtaining an ED-tree. Thus, 32 margin 
curves are provided as illustrated in Fig. 11. The width 
of the range, in which the 32 margin curves are distributed, 
provides the reproducibility or the error of the 

20 lithography process margin. A dispersion a^^ of the 

tolerance of the light exposure at a depth of focus of 0.3 

m is evaluated to be 1.5%. In this manner, the error of 
the process margin can be evaluated by the method for 
evaluating the process margin in the second embodiment. 

25 Various modifications will become possible for those 



skilled in the art after receiving the teachings of the 
present disclosure without departing from the scope thereof. 
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